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Simulating crash into asteroid reveals
its heavy metal psyche
August 10, 2020

LOS ALAMOS, N.M., Aug. 10, 2020—New 2D and 3D computer modeling of impacts on
the asteroid Psyche, the largest Main Belt asteroid, indicate it is probably metallic and
porous in composition, something like a flying cosmic rubble pile. Knowing this will be
critical to NASA’s forthcoming asteroid mission, Psyche: Journey to a Metal World, that
launches in 2022.

“This mission will be the first to visit a metallic asteroid, and the more we, the scientific
community, know about Psyche prior to launch, the more likely the mission will have
the most appropriate tools for examining Psyche and collecting data,” said Wendy K.
Caldwell, Los Alamos National Laboratory Chick Keller Postdoctoral Fellow and lead
author on a paper published recently in the journal Icarus. “Psyche is an interesting
body to study because it is likely the remnant of a planetary core that was disrupted
during the accretion stage, and we can learn a lot about planetary formation from
Psyche if it is indeed primarily metallic.”

Modeling impact structures on Psyche contributes to our understanding of metallic
bodies and how cratering processes on large metal objects differ from those on rocky
and icy bodies, she noted.

The team provides the first 3D models of the formation of Psyche’s largest impact
crater, and it is the first work to use impact crater models to inform asteroid composition.
The 2D and 3D models indicate an oblique impact angle where an incoming object
would have struck the asteroid’s surface, deforming Psyche in a very specific and
predictable manner, given the likely materials involved.

Metals deform differently from other common asteroid materials, such as silicates, and
impacts into targets of similar composition to Psyche should result in craters similar to
those observed on Psyche.
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Simulating an impact crater on an asteroid

An animation video using the team’s simulation output shows a theoretical impact
scenario that could have led to Psyche's largest crater. The simulation shows how some
material is ejected into space after impact and reveals the crater modification stage,
where the impact area shows the resulting damaged material.

“Our ability to model the impact through the modification stage is essential to
understanding how craters form on metallic bodies,” Caldwell said. “In early stages
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of crater formation, the target material behaves like a fluid. In the modification stage,
however, the strength of the target material plays a key role in how material that isn’t
ejected ‘settles’ into the crater.”

The researchers’ results corroborate estimates on Psyche's compositions based on
observational measuring techniques. Of particular interest is the material that provided
the best match, Monel. Monel is an alloy based on ore from Sudbury Crater, an impact
structure in Canada. The ore is thought to have come from the impactor that formed
the crater, meaning the ore itself is likely to have extraterrestrial origins. The modeling
successes using Monel demonstrate that Psyche's material composition behaves
similarly under shock conditions to extraterrestrial metals.

The modeling tool used in the work, run on a Los Alamos supercomputer, was the
FLAG hydrocode, previously shown to be effective in modeling impact craters and an
ideal choice to model crater formation on Psyche. Based upon the probable impact
velocity, local gravity, and bulk density estimates, the formation of Psyche’s largest
crater likely was dominated by strength rather than gravity, Caldwell said.

“It's incredible what we can accomplish with the laboratory's resources,” Caldwell
noted. “Our supercomputers are some of the most powerful in the world, and for large
problems like asteroid impacts, we really rely on our numerical modeling tools to
supplement observational data.”

The paper: Understanding Asteroid 16 Psyche’s composition through 3D impact crater
modeling, authors Wendy K. Caldwell, Abigail Hunter, Catherine S. Plesko and Stephen
Wirkus. Icarus, Volume 351, 2020.
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